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OBJECT 

To tabulate firing record data for subject plates and to 
present a comparison of ballistic shock performance of plates 
made with various materials and welding procedures. 

SUMMARY 

1. Data from Aberdeen Proving Ground firing records for 
99 welded armor H plates have been tabulated on accompanying 
charts and tables. 

2. Quality of armor plate appeers to be the most significant 
variable for the three thicknesses of plate included in the 
tabulation. 

3. There is little difference in ballistic shock test 
results between plates welded with the manganese and with the 
molybdenum modified type of austenitic electrodes. No signifi- 
cant trends for decreased weld cracking during ballistic test- 
ing are apparent for any of the variations in joint preparation 
or welding procedure. 
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On the accompanying charts (Appendix a) are tabulated data 
taken from firing reoords representing qualification and develop- 
ment tests of 99 H plates. The tabulation includes all firing 
records received by t^is arsenal for E plates assembled from l/2, 
3/8, and l/U inch thick homogeneous armor by welding with austenitic 
electrodes and fired at Aberdeen Proving Ground during the period 
from 1 October 19^2 through 31 March 19%. 

Previous reports (V&L &K)/&k and 6U0/S9) have summarised "bal- 
listic test results for 1-1/2, 1, and 3/U inch cast and rolled 
homogeneous armor H platee welded with austenitic electrodes and 
tested at Aberdeen Proving Ground during the same period as that 
covered by this report. An earlier report (WaL 6UÖ/73) dealt with 
1-1/2 and 1 inch thick armor H plates.welded with ferritic elec- 
trodes and tested at Aberdeen Proving Ground prior to 25 Pebruary 19^3* 

An index to fabricators, armor manufacturers, and electrode 
manufacturers is given in Table I. A summary of ballistio shock 
test specification requirements for H plates welded with austenitic 
electrodes and a key to the tabulation methods and symbols used in. 
this report are Included in Appendix A. 

GENERAL COMMENTS 

Ballistic performance of H plates is best evaluated by amount 
of cracking for each round, but the cracking is Influenced by the 
variables in the ballistic test as well as those introduced by the 
materials and welding procedure. The majority of the plates in- 
cluded in this tabulation were tested with a 37 »>•• high explosive» 
projectile. This projectile is fired at a velocity which would 
result in a complete penetration of the plate if the high explosive 
charge in the projectile did not detonate before this happened. The 
use of higher velocities permits greater accuracy of firing. The 
energy delivered to the plate by the high explosive charge produces 
a considerable area of plate deformation without piercing the plate. 

Lighter gages of plate are able to bow or deform more on pro- 
jectile impact than 1 inch and heavier plates, so that the shock 
wave is probably dissipated more generally and the test is therefore 
somewhat less critical in showing up certain types of weld defects 
than for the heavy plates. 

Table II shows the average plate and weld cracking in terms of 
variations in the conditions of ballistic testing. If the distance 
from the center of the impact to the center of weld is greater than 
1-3A inches, the impact is not considered as a fair test of the weld. 

In the Bumnary tables that follow, the number of rounds outside 
the specification limit for velocity and location will be listed 
under remarks, and should be taken into consideration in comparing 
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effects of armor and welding variables. The effect of including these 
rounds in the averages is to lower the average cracking, tut since a 
considerable amount of cracking was caused by unfair rounds, and since 
the proportion of fair to unfair rounds was approximately the same for 
any group of plates, the averages as shown appear to be suitable for , 
indicating the more obvious effects of welding materials and procedures 
on ballistic performance. Cracking within l/g inch of the weld is 
included as weld cracking and the remainder as plate cracking. Inasmuch 
as virgin armor would not ordinarily develop cracking under the same 
testing conditions as those used for the H plate, and since develop- 
ment of plate cracking materially decreases the severity of the test 
on welds, it is necessary to consider plate cracking in evaluating 
performance of welded H plates. 

HAND WELDED, l/2 AMD Vk  INCH THICK ROLLED ARMOR H ELATES 

Tables III through XIV show comparisons of average cracking per 
round for all the plates included in thic tabulation in terms of weld- 
ing fabricator, armor manufacturer and processing, electrode data, 
joint design, welding procedure, and radiographic soundness. 

fabricators - Tables III and IX 

The performance of H plates welded by any one fabricator must be 
evaluated in terms of armor and electrodes used, as well as the weld- 
ing procedure and inspection control. 

Armor Data - Tables IV and X 

The 1/2 inch plates include both machineable homogeneous and hard 
homogeneous armor. Since the two types overlap and a number of the 
plates could qualify as either type, all have been grouped together 
for this tabulation. 

With the exception of two 3/8 inch thick, high carbon-manganese 
plates which cracked badly, no correlation is evident between chem- 
ical oompo8ition of the armor plate and ballistic performance. A 
high ratio of plate to weld cracking for some of the armor types is 
indicative of poor steel quality (cleanliness and directional properties)« 
Previous tabulations (WAL 6ho/84) have shown that this variable may 
also affect amount of weld cracking. 

Plate and weld cracking tend to increase with hardness of armor 
plate unless there has been a commensurate improvement in steel quali- 
ty. The Ingersoll Steel l/2 inch thick plates are an example of 
relatively good plate performance at high hardness level. 

Electrodes - Tables V ar.d g 

Jiring record data on electrode compositions and coatings very 
frequently were incomplete or questionable. When an electrode was 
used on a small number of plates, the average weld cracking may have 
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"been influenced unduly "by ether factors* There is little difference 
in "ballistic performance "between plates welded with Mn-Mo modified 
(weld analysis at least 1$ Mn and ,2$ Mo) austenitic electrodes, and 
those with Mn modified (weld analysis at least Vfa Mn and no Mo) 
austenitic electrodes. '- — - — 

Joint Design - Tables VI and XII 

Double V joint preparation with 60° or 90° included angle appears ' 
superior to single V joints with U50 or 60° included angle for 1/2 
inch plate, "but a single V with 60° included angle is slightly superior 
for 3/8 inch plate. Boot gap does not appear to "be an important vari-        • 
a"ble for these plates. The use of a copper "backup strip appears ad- 
vantageous for 1/2 inch plates, "but not for the 3/8 inch plates. 

Welding Procedure - Tables VII and XIII 

The majority of "both groups of plates were welded with 3 passes. * 
Increase in number of passes for either the single or double V joint 
preparation does not correlate with any definite trend in "ballistic 
performance. 

The use of a combination of weaves and heads with multiple crown      j- 
deposit appears more desirable than a full weave technique for the        ) , * 
1/2 inch plates, "but a straight weave technique ^ms quite satisfactory 
for 3/8 inch thick plates. Nine l/2 inch plates with a single V "bevel 
were welded with the firs+ pass deposited from the "back of the joint 
against a round "brass "backup "bar. The welding of these plates was 
then completed from the front. All remaining single V plates employed     »•■'- • - 
a seal head. Average weld cracking in the "ballistic test is slightly     (■ 
less for the plates welded with a seal head. 

A prehoat of 250° F. was used during welding of lU of the l/2 
inch thick H plates. All remaining plates wore weldod with initial 
plato temperature between 70° and 110e F. 2*  improvement in average 
weld cracking is shown for these preheated plates. 

Although radiographic unscundne3s is usually associated with in- 
creased wold cracking during the "ballistic test, these two groups of 
plates show greater wold cracking for the plates which passed radio- 
graphic inspection thai for those which failed, indicating that other 
factors were of greater importance for these particular plates. 

EASS W5LI3D, l/U Ii:CH THICK ROLLTE ABI-IOH H PIATES 

Seven H plates were welded with l/U inch thick rolled homogeneous 
armor plate (Charts Nos. 3*> - 39). Four of the plates were tested with 
tho 37 mm. K.E. M-5U projectile, and throe plates with the 20 mm. H.3.1 
MK.l projectile. A high pr^ortirn of plate cracking was developod 
during ballistic testing fcr two cf the four armor compositions used, 
indicating the importance of steel quality. No comparison of welding 
variables is possible for the limited number of plates. No preheating 
was used and all plates passed radiographic inspection. 
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TABLE 1 

I 
Index to Plates 

No. of 
Plates 

1 

Hand '/elded 1/2 Inch Thick ] S Plates 

Chart 
I'o. Fabricator 

American 
Car & Fdry. 

Armor i-ifgr. Slectrode Mfgr, 

1 Jones & Laughlin McKay 

2-3 U American 
Locomotive 

Great Lakes 
Youngstown 
Follansbee 

Alloy Hods 
Harnischfeger 

U-5 5 luicfc Youngstown 
Great Lakes 

Alloy Rods 
Harnischfeger 

6 7 J Ford Ford Crucible 
Ar cos 

7 2 General 
Motors 

Youngstovn 
Great Lakes 
Jones & Laughlin 

Lincoln Electric 
McKay 

8-13 IS Karir.on- 
Eerrington 

Great Lekes 
Ingerroll 

McKay 

lU 3 So. Calif. 
Div. of G.K. 

Great Lakes P~ge-Allegheny 
i ^cFay 

r 

Hand Welded ^/S Inch Thick Rolled Homogeneous H Plates 

15 l Amorlean 
Car & Fdry. 

Jones & Ls-Uf-hlin ' McKay 

16 2 3uick Republic Alloy Rods 

17-29 36 Chevrolet Chevrolet Forge 
Great Lt-kee 
Youngstown 
Joneo &  Laughlin 
E.C, Atklnn 

Crucible 
Alloy Rods 
Karnirchfcger 
McKay 

30 2 Seere &  Co. Stf-nderd Steel 
Jones & Laughlin 

Lincoln Electric 
Crucible 



TABLE 1 (cont.) 

:ft 

Chart 3?o. of 
v, o.  Plates Fabricator   Armor Kfgr. Electrode Hfgr. 

31-35   15   Ford Ford Cruclhle 
Ho Hup 
Ar co 8 
Page-Allegheny 

36-37 

Hand Welded l/h  Inch Thick Rolled Homogeneous H Plates 

3uick Youngstown 
Great Lakes 
Jones & Laughlin 

Alloy Rods 
Harnischfeger 

38-39 Ford Ford Crucihle 

-   -  - - --*-• 
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.    . -, 

Or TO ?ABt3LATI0H METHOD AMP SYMBOLS 

Figure 2 is a sample tabulation of firing record data and gives a 
key to symbols and method of tabulation. A "brief explanation of the 
items in the tabulation follows; 

1. Identification of Test 

Information in the first column identifies the test. 

2. Armor Data 

A. Plate Thickness 

Plates in this tabulation are of l/2, 3/8, and l/U inch thick 
homogeneous armor. 

B. Type Armor 

The following types of rolled homogeneous armor are used; 

R (Rolled) 

Typical Analysis 

SZES C   Mn   SI   & Mo   Ni Zr 
I 
II 
III 
IV 
v • 
VI 

Mn-Ni-Cr-Mo 
Mn-Cr-Mo 
Mn-Mo 
Mn-Cr-Mo-Si 
High Alloy 
Special 

.26  1.15  .20  .60 

.27  1.30  .25  .55 

.25  1.60  .22   — 

.27   .86  .79  .62 
(Comnositions noted in 

ti       n   if 

.20  1.00 

.U2 
•37 
.17 

tabulation) 

B added 

Grainal 
.09 

C. Carton Content 

Carbon content is listed whenever given. 

D. Brinell Hardness Number (BHN) 

Brinell hardness number on both the front and back of plate* 
is tabulated when given. 

E, Process 

This refers to the melting practice and is tabulated as open 
hearth, electric, basic or acid. 

!. Heat Treatment 

The temperature, time of hold, and type of quench and draw 
are recorded as given. 

it 
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3.  Electrode Data 

These data, often incomplete, are listed as given in each firing 
record. 

A. Type 

Since alloys are sometimes added to the coating, electrodes 
are typed according to the chemical analysis of the weld 
metal when given. 

The electrodes are typed as follows: 

(l) Austenitic) 

I Mn-Mo Modified 18/8 (Cr-Ni-Te Alloy) 
!/eld Analysis - at least 1$ Mn and .3$ Mo 

II Mn Modified 18/8 (Cr-Ui-Te Alloy) 
Weld Analysis - at least 1$ Mn and less than ,yf> Mo 

III Mo Modified 18/8 (Cr-Ni-Fe Alloy) 
Veld Analysis - at least .3$ Mo and less than li Mn 

IV Special 

B. and C. Trade Name and Coating 

Trade names and types of coating are listed when given. 

D. Current and Polarity 

These data are tabulated as DC straight (str.), DC reversed 
(rev.), or AC. 

U.  Joint Design 

A. G-roove, etc. 

This item includes the type of groove (Single V bevel or 
double V bevel), the included angle, and the width of the 
root face whenever given. 

B. Root Gap 

This is the distance between the plates as set up for welding. 

C. Plate Preparation 

This indicates whether the plate edges to be welded together 
were flame cut, ground, machined, buttered, etc. 

- Ü - 
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5.     Welding Procedure 

A.   Backing 

Backing if used, i.e. "backup "bar, chill, filler and spacer 
strips, is noted. 

3. Deposition 

Figure 3 shows how the weld deposition is broken up into the      -y 
root, body, and crown types. The size electrode is noted with 
the number of passes, type of passes, and the current and 
voltage. Passes are divided into two kinds; (l) layer, if 
the pass bridges the gap; and (2), "bead, if the pass does not 
bridge the gap. Seal heads, when used, are noted with size 
electrode, current, and voltage. v 

C. Total Welding Time and Interpass Temperature 

These are listed as given. 

D. Remarks — r 
Any comments on chipping, grinding, and other special techniques 
used and not noted above which affect the "ballistic reaulte 
are listed under "remarks." 

.r 
Preheat and postheat are tabulated when given. 

7.  Ballistic Results 

6.  Heat 

The type projectile used in testing is specified under the bal- 
listic results. Hits, velocity, and location of each, cracking 
and re-aarks on cracking are listed. The types of weld and plate 
cracking are as follows: 

Type I   Cracking in fusion or heat-affected zones on front 
and back of plate. 

Type II  Cracking in fusion or heat-affected zones on one 
side of plate and weld metal on the other. 

Type III Cracking in weld metal on both front and "back of 
plate. 

Type IV  Star plate cracking. 
Type V   Linear plate cracks. 

The remarks on cracking and results of radiographic examination 
are recorded in the last colunn. 

- iii - 
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SPECIFICATION gggftgMggg Kg "H* WBLOBD PIATSS 

The following extracts from Specification AXS-497, Rev, 3, describe 
the present ballistic shock test: 

(2) "Shock Tests. The welded plate shown in 
Tig. 1 shows the areas desig- 

Paragraph J~3a.        
71g. 1 shall be tested as shown below, 
nated for shock impacts. 3br the purpose of description these are 
divided in four 'specified areas1 one above and one below the crossbar 
on each of the two vertical leg welds. Aiming points are indicated 
in Jig. 1. 

"If the first round falls outside of the one of the four epeoified 
areas, another round shall be fired at a second specified area. If the 
second impact falls outside of the specified area and no cracking occurs 
in the weld, another round will be fired at a third specified area. 
This shall be continued until an impact is obtained within one of the 
four specified areas, but no more than four rounds will be fired at one 
plate. If the plate withstands all four rounds, all of which fall 
outside the specified areas, and the weld is not cracked, the plate v 

will be considered acceptable. 

BALLISTIC SHOCK TEST* 

Plate 
Thick- 
ness Type  Projectile 

Striking 
Velocity 

f/s 

Allowable 
Distance. 
Center of 
impact to 
center of weld 

Maximum Allowable 
Cracking 

Veld    Plate 

1/2" 

3/8" 

l/U" 

1/U" 

R.H. 37 mm. H.3. M5U 26ÖO 

E.H. 37 mm. H.B. M5U 2100 

H.H. 37 mm. K.X. M5U 1700 

H.H. 20 nm.H.2.1 HEM 1675 

1-3/U" 

1-3/U« 

1-3/U" 

1/2" 

12" 

15" 

6" 

6" 

~v 

»— -• 

* Specifications in a development stage during the period in which 
plates were tested. 

- IT - 
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2M0IA. 

WELD SEQUENCE: 
CL.b, c<l, ^c. 

\ * 
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— 12" — — 12" — — 12" — 
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ro 

00 

QUALIFICATION SHOCK TEST PLATE 

-e >- 

1 t 

/\ -   i 
<*> 
{ I 

S3 -    1 

^ / 

INTENDED AIMING POINTS 

FIG. I 

*       • 
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ROOT 
TYPES TYPE X TYPE JX 

DOUBLE 
V 

BEVEL X 
SINGLE ROOT BEAD 

AT CENTER OF ROOT 

XXX... 
MORE THAN ONE BEAD AT ROOT 

SINGLE 
V 

BEVEL V W        FTC 

SINGLE BEAD BRIDGING 
ROOT GAP 

MORE THAN ONE BEAD BRIDGING 
ROOT GAP 

BODY 
TYPES TYPE I TYPE  II TYPE HI TYPE 12 TYPE *Z 

DOUBLE 
V 

BEVEL UNIONMELT SPECIAL 

LAYERS ONLY BEADS ONLY LAYERS 
a BEADS 

SINGLE 
V 

BEVEL 
UNIONMELT SPECIAL 

LAYERS   ONLY BEADS ONLY LAYERS 
a BEADS 

CROWN 
TYPES TYPE I      1 TYPE n TYPE HL 

DOUBLE 
V 

a SINGLE 
V 

BEVEL 

SINGLE CROWN 
SINGLE PASS 
BRIDGES GAP 

\7 \"7 
MULTIPLE CROWN 

LAST BEAD TOUCHES 
PARENT METAL 

Tfft 
MULTIPLE CROWN 

LAST BEAD DOES NOT 
TOUCH PARENT METAL 

FIG. 3      WELO METAL DEPOSITION TYPES 
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